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A WIDE VARIETY of products is available for use in wound management. Some dressings have a specific action in that they absorb exudate, have antibacterial properties, debride dead tissue or promote epithelialisation. There are also combination preparations available, such as dressings that absorb exudate and kill bacteria or absorb exudate while maintaining a moist wound environment, which is desirable for wound healing (Winter 1962) .
Selection of the most appropriate dressing is based on the clinicians' assessment of the wound's condition, knowledge of the properties of various dressing products and the patient's individual circumstances.
Honey has been used for many years not only as a food but also as a medicine to treat wounds (Sharp 2007) . The use of honey declined with the advent of antibiotics; however, the widespread problem of antibiotic-resistant bacteria has resulted in a renewed interest in its use in wound management. Research has provided an evidence base for honey's mode of action and its use in wound care, resulting in the development of honey-based dressing products that have been designed specifically for the treatment of wounds (Yoon and Newlands 2005) .
There is good evidence to support the beneficial actions of honey (Allen et al 1991 , Cooper and Molan 1999 , Molan 2001 . It has been shown to debride wounds (Robson 2005) , possess antimicrobial properties (Cooper and Molan 1999) and promote healing (Aminu et al 2000) . Many conventional dressings have a single specific action. For example, they may debride wounds, promote granulation or reduce infection. Conversely, honey has a range of actions, which work on various aspects of wound healing.
Background
Honey was used in the treatment of wounds long before the causes of infection were understood. Records show that the ancient Greeks, Romans and Chinese all used honey as a wound antiseptic. Documentation in Egyptian papyri, dating from before 2,000BC, suggests that honey was used as a salve in wound care (Zumla and Lulat 1989) . It was acclaimed by Aristotle to be a good salve for sore eyes and wounds (Smith and Ross 1910) . Dioscorides, a physician and botanist in ancient Greece, described honey from Attica as being 'good for all rotten and hollow ulcers' (Gunther 1959).
Action and benefits of honey
Honey possesses antimicrobial and anti-inflammatory properties, promotes debridement, deodorises wounds, maintains a moist wound environment and stimulates healing (White and Molan 2005) (Figures 1-3) (Table 1) . Antimicrobial properties Honey is a supersaturated sugar solution, composed of approximately 17% water and 80% sugars, the main sugars being fructose and glucose. Small quantities of disaccharides, trisaccharides and oligosaccharides are also present. The remainder is made up of proteins, including the enzymes glucose oxidase and catalase, and around 18 essential and non-essential amino acids, including proline, phenylalanine, tyrosine and glutamic and 
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Honey was commonly used to treat wounds until the introduction of antibiotics. However, increasing numbers of antibiotic-resistant bacteria mean that alternative treatment options, such as honey, are receiving renewed interest. This article provides an overview of the use of honey in wound management and reviews the evidence to support its effectiveness.
aspartic acids (Molan 2005) . Honey is rich in antioxidants, a major group of phytochemicals, which reduce the risk of oxidative damage in the tissues. With its low pH, honey can create an environment that micro-organisms find inhospitable. Osmosis facilitated by the high sugar concentration draws exudate and lymph from the wound bed and the tissues, therefore maintaining a moist wound environment.
Laboratory studies have also demonstrated the antimicrobial impact of the osmotic effect of honey; the low availability of water reduces the ability of the bacteria to reproduce (Molan 1992) . However, when honey is used in a wound over time, the exudate begins to dilute the effects of honey. Eventually, the osmolality no longer controls bacteria; the high sugar concentration has been diluted to such an extent that bacteria could potentially replicate using the available water (Chirife et al 1983) . However, Sackett (1919) noted that the antibacterial properties of some honeys are increased when the honey is diluted. This additional antimicrobial effect comes from hydrogen peroxide production, which results from glucose oxidase coming into contact with catalase in the wound exudate (White et al 1963) .
Hydrogen peroxide has been used extensively in wound management, but is now rarely used partly because of concerns about damage to healthy tissue (Booth 2003) . The concentration produced by the combination of the glucose oxidase in honey with catalase in the wound is low -about 1,000 times lower than the 3% solution that was typically used as an antiseptic (O'Brien 2003) . Hydrogen peroxide is recognised as an antibacterial agent that sterilises honey in the honeycomb (Molan 2005 
Beneficial actions of honey in wound management
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When honey is applied to the wound the production of hydrogen peroxide resulting from the dilution of honey with exudate helps to suppress antimicrobial growth (White and Acton 2006 ). Honey appears to have additional antimicrobial effects depending on the source of the nectar (DeMera and Angert 2004). Honey from different sources has different levels of antimicrobial activity that are not reliant on the sugar concentration or hydrogen peroxide activity -this makes the source of the honey important. The phytochemical or plant-derived components of some types of honey make them more effective than others in terms of their antimicrobial activity. Laboratory studies have shown that, when the hydrogen peroxide activity is removed, antimicrobial activity remains in Manuka honey (Allen et al 1991) .
Honey has acidic pH levels. Manuka honey from New Zealand has a pH of between 3.2 and 4.5, low enough to inhibit the growth of most micro-organisms (Molan 2001) . The more acidic the wound environment, the more the growth role of pathogens is reduced. However, the pH of the wound bed should not be too low as this can have a detrimental effect on protease activity, which helps to clear debris and tissue from the wound bed (Rolstad et al 2000) .
It is also suggested that a slightly acidic pH is beneficial to epethelialisation. The acidic environment created by honey increases the rate of wound granulation, as more oxygen is released from the haemoglobin in the wound bed. It is also possible that the glucose and fructose found in honey provide nutrients for the healing wound (Kaufman et al 1984 (Kaufman et al , 1985 . The epithelial cells also require energy to migrate across the wound, and honey may provide a ready supply of glucose for this purpose (Silver 1980) . Wound debridement Molan (2005) described the speed at which honey debrides wounds as similar to that of maggot therapy. The moist wound environment that is maintained as a result of honey's osmotic action (the wound is constantly replenished with lymph from the tissues) may facilitate autolytic debridement. Alternatively, Molan (1999) related the debridement activity to an enzymatic debridement process, where hydrogen peroxide activates the proteases present in the wound tissues. Where hard eschar is present, other therapies, for example hydrogel or hydrocolloid dressings, may provide more effective debridement. However, honey does have some ability to remove hard eschar (Robson 2005) .
Further research needs to be undertaken to establish the exact action of honey in the debridement process, but researchers have obtained good results. Davies (2005) described complete debridement from eschar to granulation tissue in five days. Gray and White (2005) outlined a case in which a patient with diabetes and a necrotic heel used honey for one week, after which time the eschar was ready for conservative sharp debridement. After another three weeks of using honey the wound was debriding well. Another patient in the same series of case studies had a necrotic heel that was covered in eschar. After three weeks of using honey the wound had 90% granulation tissue and 10% slough. After seven weeks the wound bed contained 100% granulation tissue (Gray and White 2005) . Although Robson (2005) did not find honey to be beneficial in the debridement of eschar in wounds, other authors suggest that it is helpful in assisting debridement, but concede that the speed of the process depends on the tissue type and the preparation used (Stephen-Haynes 2004) .
By drawing lymph from deeper tissues, honey's osmotic action can debride foreign material in the wound. In the author's experience, this action is beneficial when cleansing stitch sinus wounds, particularly small sinuses. The author has also found that honey will remove grit and dirt found in some traumatic wounds without the need for scrubbing, which could potentially be painful and distressing for patients. Deodorising wound malodour Malodour is commonly noted in chronic wounds. It is caused by the ammonia, amines and sulphur compounds produced by bacteria metabolising amino acids from proteins in the serum and necrotic tissue (Nychas et al 1988) . Honey has a deodorising action on wounds (Molan 1999) and its antibacterial action destroys the bacteria that typically produce malodour. The glucose present in honey is readily used as the energy source within the wound, which results in the production of lactic acid, as opposed to the malodorous compounds that arise during the metabolism of amino acids (Molan 2001) . Anti-inflammatory action Honey has the ability to inactivate free iron -which otherwise catalyses the production of oxygen free radicals produced by hydrogen peroxide -and therefore reduces inflammation. This effect is well demonstrated in burn injuries (Kandil et al 1987) . The antioxidant effect of honey protects the wound from the oxygen radicals produced by hydrogen peroxide (Frankel et al 1998) . The anti-inflammatory action of honey has been demonstrated in research on animals, which showed a reduction in the number (Molan 1999) . The antioxidant capacity of honey also reduces inflammation in the wound bed. Clinical observation in human wounds confirms this finding, and it has been demonstrated in burn wounds. In one clinical trial, partial-thickness burn wounds were prevented from developing to full-thickness burn wounds by the application of honey dressings (Subrahmanyam 1998) . Reducing infection Honey has been identified as having a barrier effect on open wounds, preventing further infection from external contamination. This has been seen in both burn and skin graft wounds (Molan 2005) . Molan (2005) raises the question of whether honey should be used as a prophylactic dressing on surgical wounds and at cannula and drain insertion sites, a point that the dressings industry has acknowledged.
Work is under way to assess the benefits. Dunford and colleagues (2000a) report on the efficacy of honey in patients with MRSA-infected wounds, suggesting that it may be a suitable prophylactic dressing.
Indications and precautions
Patients generally like the idea of using natural remedies in wound care. In the author's experience, patients tend to feel more involved in the care process when they have an understanding of how the product works and how it is being used in their treatment. Table 2 outlines some frequently asked questions and answers regarding the use of honey in wound management.
If honey is to be of any value in modern wound care, the honey should be of an appropriate quality for use. Honey that is prepared for food use should not be applied to wounds. While honey does not allow bacterial growth it may contain fungal spores which, on dilution in the wound bed, could potentially lead to a fungal infection. Honey for medical use in wound management has been gamma irradiated to kill any spores while not destroying the glucose oxidase, which is responsible for the production of hydrogen peroxide when in contact with the wound exudate in the wound bed. The honey used in wound care is also filtered to remove any debris that may be present, reducing the risk of granulomas developing in the wound bed. Manuka honey, well known for its antibacterial activity, is labelled with a level of antimicrobial activity represented as a Unique Manuka Factor (UMF) value, by a certified laboratory. This is equivalent to the phenol concentration on Staphylococcus aureus: a UMF factor of 15 is equivalent to 15% concentration of phenol (the higher the number, the greater the antimicrobial activity of the honey). Honey that is suitable for wound care use is CE marked, indicating that it has met the health and safety requirements of the European Directives on Medical Devices (Yoon and Newlands 2005) (Table 3) . Quantity of honey The wound bed needs to be covered in honey for its activity to be beneficial. Getting the right quantity of honey onto the wound can prove difficult, necessitating frequent re-application; this may be more of a problem when patients are being treated at home. Dressing products made with honey that maintain the level of honey at the wound bed for longer periods are now available. Alginate-based products maintain the level of honey in the wound bed and provide an absorbent dressing for the exudate. Initially, levels of exudate rise and can be difficult to manage. However, levels soon reduce, and the dressing should maintain a 
Answer
Only honey that has been prepared specifically for wound management should be used. It should be filtered, gamma irradiated and CE marked.
How much honey should be used?
Enough to cover the wound surface or fill the cavity or sinus. It can overlap the wound margins.
What dressings are available?
In the UK, honey is available in liquid form, in simple dressing form (tulle or pad) or in alginate dressings. The most appropriate dressing should be selected for the area and level of wound exudate.
How often should the dressing be changed?
Honey needs to be in contact with the wound bed to be effective. The dressing may need to be changed daily initially. As the level of exudate reduces, time between dressing changes can be extended.
Should honey be used alone or in combination with other dressings?
Honey can be used on its own, depending on the dressing used and the wound. It may be that liquid honey is used in combination with a suitable secondary dressing to keep it in place and absorb any excess exudate.
Can honey be used to treat patients with diabetes?
There are no reports of any adverse events related to topical use of honey in patients with diabetes. In practice, blood sugar monitoring should continue. Patients with diabetes have a higher risk of developing a wound infection, which could affect their glycaemic control.
Frequently asked questions about the use of honey in wound management
& art & science tissue viability supplement moist wound environment and prevent the wound bed from drying out. High levels of exudate from a wound were once a concern because of the potential dilution of the honey and the possibility of a reduction in antimicrobial efficacy. However, Cooper and Molan (1999) found honey to be effective even when diluted ten-fold by wound exudate. Sinus and cavity application Sinuses and cavities should be filled with honey before a secondary dressing containing honey is applied to keep the honey in contact with the wound bed. In the author's experience, honey in liquid form can be inserted, using an aseptic technique, into sinuses with a syringe (fill by removing the plunger) to ensure the honey gets to the base of the sinus. Any residual honey and exudate can be flushed out, as honey is water soluble. 
Adverse effects
Few adverse effects have been documented as a result of using honey in wound management. Robson (2005) advised that honey should be avoided in patients who have a known sensitivity to bee stings or bee products. Allergy to honey is rare (Kiistala et al 1995) , and Molan (1999 Molan ( , 2001 suggested that the use of honey in wound care is unlikely to result in any undesirable effects for the patient. There are reports of honey relieving pain (Dunford et al 2000a) , although some patients have described a 'stinging' or 'burning' sensation on application of honey to the wound. This appears to be more common when used to treat wounds that are inflamed (Dunford et al 2000b) . Pain may occur as a result of the acidity of the honey when it comes into contact with the wound bed. Patients should be informed that this sensation is normal and usually resolves within a few hours.
Creating and maintaining a moist wound environment can have disadvantages. If the wound is too moist, maceration of the skin surrounding the wound may occur. Some dressings can be cut to fit exact wound dimensions to avoid this from happening. However, honey dressings can overlap the wound margins, because the honey will absorb the free water molecules, thus preventing maceration while maintaining a moist environment. Honey has a high sugar content so free water in the wound is absorbed by the sugar molecules, reducing the risk of excoriation. This is the case whether honey dressings or liquid honey is used. Despite this reduced risk, excoriation can occur in wounds with large levels of exudate. Creams that protect the skin and treat excoriation are available for use with honey dressings. Honey may, as a result of its anti-inflammatory and antioxidant properties, reduce pain and inflammation associated with peri-wound maceration and excoriation.
Conclusion
Renewed interest in the use of honey in wound management has led to the development of regulated wound care products containing honey. Honey has the advantage over other dressing products in that it has a range of actions that promote wound healing. It possesses antimicrobial properties, stimulates anti-inflammatory activity, promotes a moist wound environment and autolytic debridement, as well as having a role in deodorising malodorous wounds. Given the current increase in antibiotic-resistant bacteria, honey may be a useful alternative to conventional treatments such as antibiotics in the management of wounds NS 
